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(10)ABBREVIATIONS  DESCRIPTION 


BPA       Bis Phenol A 


BisGMA    Bis Phenol A glyceryl dimethacrylate 


UDMA   Urethane dimethacrylate 


TEGDMA   Triethylene glycol dimethacrylate 


LED   Light Emitting Diode 


ng    nano gram 


µg   micro gram 


UV   Ultra Violet 


HPLC   High Performance Liquid Chromatography 


GCMS   Gas Chromatography coupled with Mass Spectrometry 
 FTIR   Fourier Transform Infrared Spectroscopy 


DTS   Diametral Tensile Strength 


HMBP   2 Hydroxy 4 methoxy Benzo Phenone 
 DMPA   2,2-DiMethoxy-2-Phenyl-Acetophenone 
 BHT   2,6-di-tert-butyl-p-cresol 


 DNA  DeoxyriboNucleic Acid 


FRC   fiber-reinforced composites  


ALP   ALkaline Phosphatase 


SPME   Solid Phase Micro Extraction 


OIL  Oxygen-Inhibited Layer 


 DC  Degree of Conversion 


BAG   Bio Active Glass 



(11)BACKGROUND:  Dental  composite  is  increasingly  used  in  orthodontic  bracket  bonding. 


Review  of  literature  shows  the  evidence  regarding  the  toxic  effects  of  the  released  monomers 
 from  composites  containing  triethylene  glycol  dimethacrylate  (TEGDMA)  and  HEMA,  and 
 indicates non negligible concentrations of residual BPA.  


AIM: The aim of this study is to qualitatively and quantitatively evaluate the BPA released using 
 Gas  phase  chromatography  coupled  with  mass  spectrometry,  from  five  different  light  cure 
 composite adhesives when immersed in artificial saliva after curing. 


 METHODOLOGY: Five different light cure orthodontic adhesives - Transbond XT, Heliosit, 
 Ortho fix, Blugloo and Light bond are used in this study. Resin blocks (5 mm diameter * 3 mm 
 thick) samples from each resin were prepared, and photo activated with a LED light-curing unit. 


Each sample was immersed in a separate glass tube containing 4 mL of artificial saliva solution 
 at  room  temperature.  Aliquots  of  1  mL  of  the  solutions  with  the  samples  were  collected  30 
 minutes, 24 hours, 1 week, and 1 month after immersion. The composition of the BPA released 
 was analyzed using Gas phase chromatography coupled with mass spectrometry. 


RESULT: The results of the conducted study showed that BPA was found to be released from 
 all  the  5  groups  and  was  progressively  increasing  with  increase  in  duration  of  immersion  i.e, 
 from  30  minutes  to  1  month.  Group  4(Blugloo)  showed  the  greatest  release,  at  1month  119.56 
 ng/g  and  Group  5  (Light  bond)  showed  the  least  release,  at  30  minutes  -  55.00ng/g.  and  were 
 statistically significant(p<0.001). 


CONCLUSION: All orthodontic light cure adhesives tested showed BPA release. Blugloo and 
Light Bond had, respectively, the highest and lowest BPA releases .Even though the levels were 
significant, they are lower than the reference dose for daily ingestion. 
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(16)INTRODUCTION 


One the most important changes in the orthodontic specialty since 1970’s are the use of 
 composite for bracket bonding procedure1. The composition of dental composite includes – resin 
 matrix,  fillers,  coupling  agent,  activators,  initiators,  coupling  agent  and  colouring  agent.  The 
 resin matrix is composed of monomers such as Bis-GMA (bisphenol A-glycidyl methacrylate) or 
 polyurethane (UDMA), which can be regarded as the body of the composite resin. 


 Release of Bis Phenol A(BPA) occurs due to the impurities left after this resin synthesis, 
 initially because of incomplete polymerization, and later because of resin degradation2,3. Dental 
 literature  shows  the  evidence  regarding  the  toxic  effects  of  the  released  monomers  triethylene 
 glycol  dimethacrylate  (TEGDMA)  and  HEMA,  and  indicates  non  negligible  concentrations  of 
 residual BPA.4-10 


BPA is an endocrine disruptor. It was first developed as a synthetic estrogen in the 1890s 
 and  the  effects  are  similar  to  those  of  natural  hormones,  and  it  also  blocks  the  cell  hormone 
 receptors.  


BPA  may  adversely  affect  humans  (e.g.,  reproduction,  development,  metabolic  disease, 
 inflammation, and gene expression).11  


Some  studies  have  revealed  an  association  between  BPA  and  low  follicle  stimulating 
 hormone  level  in  occupationally  exposed  men12,  high  testosterone  levels  in  men  and  women, 
 polycystic ovary syndrome in women13, 14, and recurrent miscarriage in women15.  


Prenatal exposure to BPA has been associated with chromosomal defects16 and increased 
 externalizing behaviors17.  


There has also been suggestion of a gender-specific effect towards lower birth weights in 
boys exposed to certain phenols prenatally18.  



(17)The only large (n  =1455) cross-sectional  study to date of human exposure to  BPA took 
 into  account  a  number  of  potentially  confounding  variables,  including  BMI,  and  revealed  an 
 association between  BPA and cardiovascular disease, elevated liver enzyme levels, and diabetes 
 but  not  between  BPA  and  insulin,  glucose,  cholesterol,  or  triglyceride  levels.  However,  the 
 underlying mechanistic explanation for these findings is not yet clear.19  


BPA  is  a  synthetic  substance  commonly  used  for  production  of  epoxy  resin  and 
 polycarbonate plastics that are used to manufacture various products, such as water bottles, food 
 packaging,  baby  bottles,  toys,  detergents,  pesticides,  cars,  thermal  receipt  paper  and  dental 
 resinous  materials,  such  as  composites  and  pit-and-fissure  sealants.20,21    Due  to  the  increase  in 
 the  number  of  products  based  on  BPA  ,  human  exposure  to  this  chemical  has  increased 
 rapidly.22,23 


The  daily  human  consumption  of  BPA  should  be  less  than  5  µg/Kg  body  weight,  and 
 greater doses may lead to adverse effects.


Over the past decade, the effects of BPA on a wide array of tissues, organs, and systems 
 have  been  established  through  in  vitro  and  animal  studies,  as  well  as  case  analyses  and 
 observations in humans. 


 Therefore, what was initially considered a topic of dispute among scientists, professional 
societies,  and  the  industry  has  reached  the  status  of  an  unequivocally  defined  thesis,  with 
organizations  at  national  and  international  legislative  levels  issuing  relevant  statements. These 
highlight the fact that BPA at levels as low as parts per billion are unconjugated, which means 
that they are not metabolized and thus are biologically active, and are detected in human blood 
and tissues. 



(18) Since, these polymers are frequently used in dentistry, it would be appropriate to assess 
BPA released from orthodontic adhesives in an in vitro model. 



(19)
AIM AND OBJECTIVES
: 

 The aim of this study is to qualitatively and quantitatively evaluate the  Bis Phenol – 
 A (BPA) released from five different light cure orthodontic adhesives when immersed 
 in artificial saliva after curing at different time intervals. 


For this purpose, the following objectives were undertaken: 


  To  qualitatively  determine  the  BPA  released  from  five  different  light 
 cure  composite  adhesives  when  immersed  in  artificial  saliva  after 
 curing, at different time intervals.  


  To quantify the BPA released from five different light cure composite 
adhesives  when  immersed  in  artificial  saliva  after  curing,  at  different 
time intervals.  



(20)REVIEW OF LITERATURE 


Xenoestrogenicity  is  recently  described  property  of  certain  polymeric 
 molecules like BPA to express biologic effects mimicking the natural estrogens. The 
 hormonal  homeostasis  is  disturbed  because  of  the  reason  that  similar  chemical 
 structure of BPA to natural estrogen (17-beta estradiol) 24. 


 Early  in  1960s,  when  the  nests  of  bald  eagles,  which  consumed  pesticides 
 contaminated  prey,  were  found  to  produce  3  to  4  times  fewer  eaglets  than  the 
 corresponding numbers recorded in the 1930s.This was when the effects of endocrine 
 disrupting compounds were identified. 


 In spite of the early recognition of these effects, it took several decades for a 
 substantial  body  of  literature  to  report  the  biologic  effects  associated  with  these 
 compounds  that  are  accumulated,  and  to  demonstrate  the  phenomena  accompanying 
 the exposure of organisms to BPA and including hormone-related effects. 25,26 


 Braden,  Causton  &  Clarke  (1976) 27and  Pearson  (1979)28,  earlier  tested 
 that,  components  could  be  eluted  from  composites.  But  only  little  evidence 
 concerning the nature of the components was available at that time.  


As  a  continuation  of  their  earlier  studies, Braden  &  Pearson  (1981)29  used 
 infra-red (IR) spectroscopy to analyze the elutes from urethane based and Bis-GMA-
 based composites, which had been immersed in water for 6 months. Even though the 
 quality  of  the  IR  spectra  was  not  ideal,  the  study  result  showed  that  the  residual 
 monomer or oligomer had been extracted from each composite.  


At  the  same  time,  Inoue  &  Hayashi  (1982)30  verified  eight  different 
composites,  when  soaked  in  water  for  duration  of  2  weeks,  for  Bis-GMA  and  other 
monomers using  High performance liquid chromatography (HPLC).  



(21)In  1982,  Thompson,  Miller  &  Bowles31  reported  the  loss  of  residual 
 monomers  and  diluents  from  orthodontic  composites,  with  the  use  of  UV 
 spectroscopy, when the samples are immersed in water and ethanol for 48 hours. They 
 showed  that  solution  of  50%  ethanol:  50%  water  was  more  effective  for  leaching 
 uncured  monomers  than  pure  water,  and  within  several  hours,  80-90%  of  the 
 leachable material was extracted. 


 In  1986,  Okamoto  et  al.32 used  HPLC  to  detect  monomers  as  well  as  the 
 hydroquinone inhibitor, as  products  eluted from  two composites  soaked in water  for 
 72 hours. 


Ferracane JL et al33 early in 1990 investigated the uptake of solvent and the 
 elution of molecules from the dental composite and an unfilled resin, while soaking in 
 either water or an ethanol and water mixture. It was found that 50% of the leachable 
 species  were  eluted  from  composite,  within  three  hours  which  is  soaked  in  water 
 medium,  while  75%  were  released  into  the  ethanol  and  water  mixture.  All  of  the 
 leachable  components  were  seen  within  24-hour  period  in  both  of  the  solvent. 


According  to  this  study,  composites  don’t  serve  as  a  chronic  source  of  released 
 monomer to  the pulp  or other oral  tissues, due to complete and    rapid  elution of the 
 molecules. 


Tanaka et al. (1991)34 had made use of GC-MS to identify smaller amounts of 
Bis-GMA  and  large  amounts  of  TEGDMA,  that  remained  unreacted  in  several 
composites. Only a small amount of each monomer was found to be extractable into 
water, over a period of 7 days.  Similar to Thompson, Miller & Bowles (1982)10 they 
found  that  the  larger  Bis-GMA  monomer  molecules  were  released  at  a  slower  rate 
than the smaller TEGDMA molecules. 



(22) In  1991,  Rathburn  et  al.35 observed the elution  of components  from  dental 
 composites into various organic solvents using GC MS and FTIR. They found that the 
 primary  species  eluted  was  Bis-GMA.  Benzophenone  UV  stabilizer  was  also  found, 
 that does not participate in the polymerization reaction. 


Eliades  in  199536 quantified  the  residual  monomer  leached  from  chemically 
 cured  and  visible  light-cured  orthodontic  adhesives,  when  bonded  to  ceramic  and 
 stainless  steel  brackets,  by  using  high  performance  liquid  chromatographic  (HPLC) 
 analysis  of  the  extracts  after  specimen  immersion  in  ethanol/water  solution  for  15 
 days  at  37  ±  1°  C.  Results  showed  that  the  highest  monomer  concentrations  eluted 
 were obtained from the chemically cured adhesive. Direct irradiation of stainless steel 
 brackets  bonded  to  the  visible  light-cured  adhesive  showed  high  monomer 
 concentration,  when  compared  to  indirect  irradiation  (from  the  incisal  and  cervical 
 edges  of  the  bracket).  A  polycarbonate  base  ceramic  bracket  had  greater  amount  of 
 monomer  release  compared  with  ceramic  brackets  when  combined  with  the  visible 
 light-cured  adhesive.  No  significant  difference  was  found  between  direct  or  indirect 
 irradiation  of  the  ceramic  brackets,  with  respect  to  monomer  elution  from  the  light-
 cured adhesive. 


Gerzina  TM  (1996) 37, examined  the  monomer  diffusion  from  the  bonding 
resins in combination with the resin composites. Occlusal cavities were made in tooth 
crowns  and  restored  with  bonding  resin-resin  composite  combination.  Aqueous 
samples from the pulpal chamber were removed at varying time, for each tooth, and 
analyzed  by  reversed  phase-  HPLC/MS.  In  TEGDMA-containing  bonding  resin 
combined  with  TEGDMA-containing  resin  composite  TEGDMA  leach  through 
dentine  was  more.  In  HEMA-  with  TEGDMA-containing  resin  composite,  it  had 
decreased TEGDMA diffusion and had substantial HEMA diffusion. It was concluded 



(23)that the bonding resins assessed  paved way for  monomer, to  enter to  the pulp  space 
 and did not inhibit the monomer movement from resin composites to the pulp. 


Spahl  W  in  1998 38,  determined  the  leachable  residual  (co)monomers  and 
 additives  eluted  in  methanol  and  water,  from  four  universal  hybrid-type  composite 
 resins  after  curing,  by  using  GCMS  or  HPLC/MS  using  a  particle  beam  interface, 
 after  3  days.  In  this  study  (co)monomers,  various  additives  as  well  as  contaminants 
 from manufacturing processes were identified. Almost every compound were detected 
 in menthol extracts similar to unpolymerized resin, but only a part of them were found 
 in  the  water  extracts.  The  co-monomer  TEGDMA  was  extracted  in  higher 
 concentrations than the reported level of cytotoxicity in primary human oral fibroblast 
 cultures  and  it  was  concluded  that  the  manufactures  must  reduce  the  extractable 
 quantities  of composite resin  either by reducing the mobility of components  capable 
 of  being  released  within  the  set  material  or  by  applying  less  water-soluble 
 components. 


Geurtsen W in 199839, in his article stated that various components have been 
 identified from different composite filling materials into an aqueous environment after 
 polymerization.  The  co-monomer  TEG-DMA  was  observed  as  the  main  compound 
 released  from  polymerized  resin  composites.  However,  small  quantities  of  the 
 monomers and co-monomers, as well as additives, may also be released. 


Lee  et  al  (1998)40 evaluated  the  resultant  effect  on  the  diametral  tensile 
strength  (DTS)  of  the  three  commercial  composites:  Bis-MPEPP-based  Marathon, 
Bis-GMA/UDMA-based  Heliomolar,  and  Bis-GMA-based  Z100  when  stored  in 
organic acids  and  ethanol.  The solutions  used were:  99.9% acetic  acid,  75% ethanol 
and 99% propionic acid. Sample dimensions of 4 mm x 2 mm were stored at 37◦C for 
up to 30 days in 3 mL of solution. GCMS was used to identify the leached moieties 



(24)and  DTS  of  the  samples  after  immersion  was  evaluated.  The  eluted  components 
 varied  in  both  the  solutions  and  composites.  It  mostly  increased  with  increasing  the 
 immersion  time,  and  had  diluents  like  deca  methacrylate,  TEGDMA,  and  additives, 
 like  plasticizers  (dicyclohexyl  phthalate  and  bis  2-ethylhexyl  phthalate),  ultra-violet 
 stabilizer  (TINUVINP),  initiator  (triphenyl  stibine),  coupling  agent  (gamma-
 methacryl oxypropyl trimethoxy silane) and phenyl benzoate. More components were 
 identified in the acetic acid and ethanol group. In Bis-GMA based Z100 specimens -  
 least kinds and quantities of leached moieties were found and then Bis-GMA/UDMA 
 ones,  most  of  them  are  diluent  agents.  The  most  substances  were  leached  by  Bis-
 MPEPP specimens, which composed mainly of a short phenyl group chain structure. 


DTS was highest for Bis-GMA group (54.8 +/- 5.7 MPa), and is not affected much by 
 the duration of storage. Bis-GMA/UDMA (36.2 +/- 6.8 MPa) and Bis-MPEPP (26.1 
 +/- 4.5 MPa) composites DTS reduced after 30 days storage in the ethanol (35-50%), 
 the acetic acid (40-60%) and in the propionic acid (25-30%). It was concluded that the 
 leaching of components may be due to irreversible material degradation, particularly 
 for non-Bis-GMA-based composites. 


Geurtsen  W(1998)41,  had  done  yet  another  study  to  determine  the 
cytotoxic  effects  (ED50  concentrations)  in  Mono  layers  of  permanent  3T3  cells 
and  three  primary  human  fibroblast  types    from  oral  tissues  like  gingiva, 
periodontal  ligament  and  pulp  due  to  the  monomers  or  other  additives  of 
commercial  dental  resin  composites.  Their  examination  showed  that  for  most  of 
the  highly  cytotoxic  composite  compounds,  there  is  less  cytotoxic  alternative 
available.  Additionally,  there  was  no  particular  cell  type  identified  which  was 
consistently more or less sensitive to the toxic effects of the tested compounds.  



(25)Arenholt  Bindsley(1999)42,  conducted  a  study  in  two  fissure  sealants- 
 Delton  LC  and  Visio-Seal,  to  determine  the  time-related  BPA  released  and 
 estrogenic  activity  of  the  sealants  tested  in  saliva  samples  before  and  after  their 
 placement.  Eight  healthy  male  subjects  with  no  previous  fissure  sealants  or 
 composite fillings, were selected and four molars were sealed with the two pit and 
 fissure  sealants.  Before  sealant  application,  saliva  samples  were  collected  in  the 
 morning  with  empty  stomach  and  immediately,  1  hour  and  1  day  after  fissure 
 sealant  placement.  BPA  levels  were  detected  in  samples  collected  immediately 
 after  placement  of  Delton  LC(0.3-2.8  ppm).  No  detectable  levels  of  BPA  were 
 found 1 hour and 1 day after Delton placement. Further, in all  the samples taken 
 from Visio-Seal placed candidates no BPA was found. In a recombinant yeast cell 
 assay,  in  samples  collected  immediately  after  placement  of  Delton  LC  sealant 
 increased  estrogenic  activity  was  found.  He  concluded  that,  minute  amounts  of 
 BPA  were  detected  in  the  samples  of  saliva  collected  immediately  but  not  at  1 
 hour and 24 hours after placement of Delton LC fissure sealant. The detected BPA 
 was  in  much  lower  concentration.  BPA  was  not  identified  in  Visio-Seal  fissure 
 sealant placed individuals. 


In  a  study  by Jill  B(1999)43,  analyzed  28  different  commercially  available 
 dental resins for the presence of BPA under high-pressure liquid chromatography.  


Also, sub lines of the MCF-7 human breast tumor cell line were cultured with the 
presence of eluates from 11 of the dental resins and sulforhodamine B assay was 
used to assess the proliferative responses. Only Delton II, had detectable levels of 
BPA, that was verified by Fourier transform infrared spectrometry and significant 
proliferative response in two of the MCF-7 sub lines tested. Hence, he concluded 
that dental resins, do not form a significant source of BPA. 



(26)H.  Tarumi  (2000)44, by  using  reporter  gene  assay  determined  the  estrogenic 
 activities  of  unpolymerized  3  fissure  sealants  and  5  adhesive  resins.  Only  two 
 commercially available sealants were found to have estrogenic activity, among the 
 tested  materials.  But,  hydrophobic  monomer  bisphenol  A  dimethacrylate  (BPA-
 DMA), was found to be included in these estrogenic sealants in an amount greater 
 than  the  minimum  concentration  to  show  estrogenicity.  This  shows  that  the 
 estrogenicity  of  the  two  proprietary  sealants  was  associated  with  BPA-DMA 
 rather than with BPA. 


Wada H, Tarumi H (2004)45, tested the eluates obtained from 24 composites, 
 containing  various  monomers  and  additives,  to  detect  the  estrogenic  activity  in 
 vitro, using reporter gene assay. Six products among the twenty four composites,  
 were  estrogenic,  and among the 18  constituents,  HMBP 2 (-hydroxy-4-methoxy-
 benzophenone),  1  photostabilizer  -  DMPA  (2,2-dimethoxy-2-phenyl-
 acetophenone), 1 photoinitiator,  and 1 inhibitor- BHT ( 2,6-di-tert-butyl-p-cresol) 
 had significant  estrogenic activity. The amount of HMBP in  4 estrogenic eluates 
 was  greater  than  the  minimum  concentration  required  for  estrogenicity,  and 
 DMPA  was  at  a  higher  level  than  the  minimum  estrogenic  concentration  in  the 
 remaining  2  estrogenic  specimens.  Their  results  showed  that  the  observed 
 estrogenic  activity  of  6  composites  is  associated  with  the  elution  of  HMBP  or 
 DMPA. 


Yap  AU (2004)46, investigated the influence of curing lights and their modes 
on the elution of leachable components. Curing lights used in the study were (1) 
LED:    3M-ESPE  Elipar  Freelight  [FL],  and  GC  e-light  [EL],  GC;    (2)  High 
intensity  halogen-  3M-ESPE  ,  EliparTrilight  [TL];  (3)  Very  high  intensity 
halogen-Astralis 10 [AS] and (4) Ivoclar Vivadent  Pulse (EL1), turbo (EL3, AS), 



(27)continuous  (FL1, EL2,  TL1)  and soft-start  (FL2, EL4, TL2)  curing modes were 
 examined.  Control  :  Halogen  light  (Max,  Dentsply-Caulk)    conventional 
 continuous cure was used. Three composite specimens of dimensions 6.5 mm*1-
 mm were made. After polymerization, the samples were stored in air at 37◦C for 
 24 hours and incubated in acetonitrile at 37◦C for 1 day. BisGMA and TEGDMA 
 extracts  were  segregated  by  HPLC.  Monomer  leach  was  high  from  composites 
 cured  with  all  modes  of  EL  and  AS  than  MX.  There  was  no  difference  found 
 between the two modes of FL/TL and MX. Composites cured with EL2 released 
 less  monomer  than  with  EL1,  EL3  and  EL4,  but  no  difference  was  found  in  the 
 total  monomer  leached  between  FL  and  TL  in  both  continuous  and  soft-start 
 modes.  From this study, they concluded saying that the leach of components from 
 composites  was  due  to  curing  light  specific  rather  than  light  source  (LED  or 
 halogen) and curing mode specific. 


Gioka  C(2005)47 conducted  a  study    to  estimate  the  degree  of  cure  and 
monomer leaching of a light-cured and a chemically cured (no-mix) adhesive and 
to  assess  their  biologic  properties.  Infrared  spectroscopy  was  used  to  assess  the 
degree  of  cure  of  the  adhesive  samples.  The  adhesives  were  soaked  in  normal 
saline  for  2  months,  and  the  monomer  eluted  from  the  adhesives  was 
quantitatively  and  qualitatively  analyzed  by  liquid  chromatography.  The 
immersion  effects  on  human  gingival  fibroblast’s  viability  and  proliferation  was 
also  evaluated  with  the  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide  (MTT)  and  deoxyribonucleic  acid  (DNA)  synthesis  assays.  From  the 
results  obtained  by  this  study,  no  difference  was  found  between  the  2  adhesives 
with  regards  to  the  degree  of  cure  and  the  released  amount  of  triethylene  glycol 
dimethacrylate.  Diglycidyl  dimethacrylate  monomer  was  not  detected.  No 



(28)cytotoxicity  was  observed  for  either  immersion  media.  A  moderate  reduction  in 
 the DNA synthesis was obtained in both the adhesives and with a minor cytostatic 
 effects. 


Marina(2005)  48 studied  residual  Bis-GMA  and  TEGDMA  after  in  vitro 
 polymerization  by  high  performance  liquid  chromatography  after  1  day,  1  week 
 and 2 weeks. The analysis revealed that Bis-GMA was released from commercial 
 samples in the highest concentration  after 14 days. TEGDMA was found only in 
 one of all analyzed dental materials. 


Nomura  Y(2006)49,    tested  the  genotoxicities  using  bioluminescent  bacterial 
 genotoxicity test, for dimethyl-para-toluidine (DMPT), camphorquinone (CQ), 2-
 dimethylamino-ethyl-methacrylate (DMAEMA), benzoyl peroxide (BPO), and 1-
 allyl-2-thiourea  (ATU)  .  4-Nitroquinoline-N-oxide  (4NQO)  was  used  as  control. 


For the five polymerization initiators and 4NQO acetone solutions were prepared. 


In the bioluminescent bacterial genotoxicity test  DMPT, BPO, and ATU showed 
 positive  results  at  24  hours,  at  concentrations  of  4  microM,  5  microM,  and  1 
 microM,  respectively.  DMAEMA  did  not  have  genotoxicity  and  CQ  had 
 questionable toxicity and 4NQO had strong genotoxicity, at 4 microM,  similar to 
 that of BPO. Hence, BPO should be cautiously used. 


Väkiparta.M  (2006)50, evaluated the total quantity of residual monomer Bis-
GMA,  and  TEGDMA,  released  into  water  using  HPLC  and  used  Fourier 
transform  infrared  spectroscopy  to  measure  the  degree  of  monomer  conversion 
(DC%),  for  glass fiber-reinforced  composites (FRC)  containing  a  partially  bio 
resorbable polymer  matrix.  Furthermore,  they  assessed  the  association  between 
the  curing  mode  quantity  of  residual  monomer  and  degree  of  conversion. Glass 
fibers were  impregnated  with  a  bioresorbable  poly(hydroxyproline)amide and 



(29)non-resorbable  Bis-GMA–TEGDMA  resin  system.  To  identify  the  quantity  of 
 leached residual monomers, specimens were immersed in water for 1, 3 or 7 days 
 at  37 °C,  or  in  the  solvent  tetrahydrofuran  for  3  days.  The  quantity  of  residual 
 monomer  was  decreased  when  the  specimens  contained  glass  fibers,  and/or 
 poly(hydroxyproline) amide, and/or when it was post-cured. The major part of the 
 residual  monomers  leached  out  during  the  first  24 hours  of immersion.  When  it 
 was post cured, the DC% of the specimens increased. Also composite glass fibers 
 had  increased  DC%  than  the  Bis-GMA–TEGDMA  resin.  It  was  found  that  the 
 quantity  of  residual  monomers  did  not  increase  with  the  use  of 
 poly(hydroxyproline)  amide  as  a  sizing  of  the  glass  fibers  in  FRC.  These  results 
 suggest  that  this  new  variant  of  partially  bioresorbable  FRC  can  be  used  for 
 biomedical applications. 


Homa  Darmani    et  al  (2006)51  evaluated  the  effect  in  fertility  of  female 
mouse  due  to BIS-GMA  and TEG-DMA.  Adult  female  mice  were  subjected  to 
intragastric exposure of BIS-GMA or TEG-DMA ,0, 25 and 100 μg/kg/day for 28 
days  and  their  fertility  was  examined  by  letting  them  to  mate  with  untreated 
mature male mice.  In BIS-GMA exposed female mice, it was observed that total 
number of resorptions was  more than that of implantation in  both the  doses,  and 
there  was  also  increase  in  number  of  resorptions  at  higher  dose.  There  was  also 
body weight reduction and significant increases in the weight of ovary. Exposures 
to  100 μg/kg  of  TEG-DMA  resulted  in  reductions  in pregnancy  rates and  also 
increase  in  the  total  number  of  embryonal  resorptions.  Significant  reductions  in 
body weight and increase in uterine weights were also observed. This shows that 
both BIS-GMA and TEG-DMA have reproductive toxic effects in female mice. 



(30)Eliades  (2007)52,  quantitatively  characterized  the  BPA  released  from 
 orthodontic  adhesives  -  chemically  cured,  a  visible  light-cured  adhesive  and  no-
 mix adhesive which were bonded to 40 stainless steel brackets divided in 2 groups 
 of  20  brackets  each,  after  immersing  in  alcohol  for  artificial  accelerated  aging. 


Samples of the eluents were removed from each group at 1 day, 1week, 3weeks, 
 and  5  weeks  after  aging  and  were  assessed  with  high-pressure  liquid 
 chromatography.  BPA  released  from  light-cured  adhesive  or  chemically  cured 
 adhesive  and  no-mix  adhesives  did  not  reach  the  level  of  0.1  ppm.  But, 
 estrogenicity assays are required to verify the potential estrogenicity. 


K. Moharamzadeh (2007)53 evaluated the effect of different extraction media 
 on  monomer  release  from  composite  resins  based  on  different  monomer  types. 


Three types of visible light cured composite resins were formulated based on the 
 following monomers: bisphenol A glycerolatedimethacrylate (BisGMA), urethane 
 dimethacrylate  (UDMA)and  triethylene  glycol  dimethacrylate  (TEGDMA). 


Seventy  five  resin  discs  were  prepared  and  cured  for  1  minute  in  the  absence  of 
 oxygen.  Immersion  media  used  were:  distilled  water,  saline  solution,  artificial 
 saliva, serum free culture medium, and culture medium with 10% fetal calf serum. 


The  extracts  were  analyzed  by  HPLC.  There  was  TEGDMA  released  into  the 
 aqueous  media.  However,  BisGMA  and  UDMA  were  not  detected  in  any  of  the 
 extracts.  From  the  experiment,  it  is  concluded  that  TEGDMA-based  composite 
 resins  released  a  high  quantity  of  monomer  in  aqueous  medium.  The  type  of 
 medium  used  for  extraction  of  substances  may  also  have  an  effect  on  monomer 
 release from composites. 


Zhang  Y  (2008)54,  worked  with  two  model  dental  composites  which  were 
immersed in three different immersion medias-distilled water, artificial saliva, and 



(31)ethanol/water.  Their  flexural  strength,  sorption,  solubility  and  flexural  elastic 
 modulus were evaluated. Unreacted monomers that eluted were analyzed by using 
 high performance liquid chromatography and the surface morphology of samples 
 after  immersion  was  detected  using  scanning  electron  microscope.  From  the 
 results  it  is  concluded  that  the  effect  on  certain  properties  depended  on  the 
 immersion  media  where  ethanol/water  had  the  most  significant  effect  and  these 
 properties were related to the components of dental composite. 


Emmler  J(2008)55, measured    the  cytotoxicitiy  of  TEGDMA-derived 
 intermediates  as  mitochondrial  dehydrogenase  activity  assessed  by  colorimetric 
 measurement  of  formazan  formation  by  metabolically  active  A549  cells  as  a 
 cleavage-product  from  the  tetrazolium  salt  XTT.  EC(50)-values  were  calculated. 


For  TEG,  up  to  a  concentration  of  10mM  there  were  no  cytotoxic  effects.  The 
 epoxy compound  2,3-EMA induced toxic effects  similar to  the raw  co  monomer 
 TEGDMA.  Therefore  it  has  been  concluded  that  cytotoxicity  was  induced  in 
 human  pulmonary  cell  is  due  to  the  formation  of  toxic  intermediates  by 
 TEGDMA. 


F.X. Reichl(2008)56 studied the metabolization of BisGMA applied via gastric 
 and  intravenous  administration  (at  dose  levels  well  above  those  encountered  in 
 dental care) were examined in vivo in guinea pigs to test BisGMA cytotoxic levels 
 in mammalian tissues. It was found that BisGMA was taken up rapidly from the 
 stomach and intestine after administration and widely distributed within the body. 


Most  was  excreted  within  a  day.  The  peak  equivalent  BisGMA  levels  examined 
were  at  least  1000-fold  less  than  known  toxic  levels.  The  level  of  Bis  GMA  in 
urine  guinea  pigs  that  were  injected  well  in  excess  of  the  body-weight  adjusted 
dose expected in humans, was much lower than the known toxic levels. 



(32)Tabatabaee MH (2009)57, investigated 9 resin discs made of the nano-hybrid 
 (Filtek  Supreme)  and  flowable  (Filtek  Flow)  dental  composite  resins,  after  
 polymerization  with  LED  or  conventional  halogen  curing  lights,  were  immersed 
 in water or saliva and incubated for 1 day at 37◦C, for leaching of Bis-GMA and 
 TEGDMA. Eluted TEGDMA and Bis-GMA were assessed using HPLC. In water 
 Halogen  light  promoted  greater  monomer  release  than  LED  light  immersion.  In 
 saliva the release was more than water. And it was concluded that (1) TEGDMA 
 leach  was  higher  than  Bis-GMA    (2)  monomer  leach  was  more  in  saliva  and 
 halogen light,  and (3) the flowable resin leached more TEGDMA than the nano-
 hybrid. 


Imazato S et al (2009)58 examined the different levels of inhibitory effects on 
osteoblasts due to  elution  of unpolymerized monomers.  Monomers leached from 
cured  specimens  of  Bis-GMA/TEGDMA-composites,  HEMA-containing 
RMGIC, or MMA-resin  cements  was determined and osteoblast-like MC3T3-E1 
cells were cultured according to the release concentrations. Cell proliferation, the 
expression  of  osteoblastic  markers,  alkaline  phosphatase  (ALP)  activity,  and 
mineralized tissue formation were evaluated. MMA and TEGDMA did not affect 
the  growth  of  MC3T3-E1  and  exhibited  only  little  harmful  effects  on 
differentiation  and  mineralization.  But  HEMA  inhibited  proliferation,  ALP 
activities,  the  expression  of  osteocalcin,  and  mineralized  tissue  formation  at  200 
µg/mL.  This  shows  that  HEMA  at  the  certain  concentrations  affects  osteoblastic 
proliferation, differentiation, and mineralization. The elution of unreacted HEMA 
could be the reason for the adverse effects of RMGIC on osteoblast-like cells and 
influences  of  resin  restoratives  on  the  osteoblasts  are  possibly  dependant  on 
release characteristics of unpolymerized monomer. 



(33)   Marquardt  W(2009)59,  measured  the  air  levels  of  various  volatile 
 methacrylates,  while  bonding  agents  were  used  during  restorative  treatment  in 
 Germany. Air sampling i.e. for 15 minutes was performed using solid phase micro 
 extraction  (SPME).    The  analytes  were  enhanced  by  coating  the  fibers  with 
 carbowax/divinyl  benzene.  These  analytes  were  thermically  desorbed  later  and 
 directly  analyzed  by  gas  chromatography/mass  spectrometry  (GCMS).  In  the  air 
 level  of  dental  practices,  methacrylates  methyl  methacrylate  (MMA),  ethylene 
 glycol  dimethacrylate  (EGDMA),      2-hydroxyethyl  methacrylate  (HEMA),  and 
 triethylene  glycol  dimethacrylate  (TEG-DMA)  were  identified  MMA,  HEMA, 
 EGDMA,  and  TEG-DMA  were  found  at  detectable  quantities.  The  TEG-DMA 
 quantity  correlated  with  the  bonding  agents  application  during  in  dental  fillings. 


The  results  of  this  study  showed  that  the  maximum  levels  of  MMA  measured 
 were  at  least  200  times  lower  than  the  toxicologically  relevant  maximum 
 allowable concentrations defined in various countries. 


Polydorou  et  al  (2009)60 investigated  the  elution  of  monomers  bisphenol  A 
 glycidyl  methacrylate  (BisGMA),  triethylene  glycol  dimethacrylate(TEGDMA), 
 bisphenol  A  (BPA)  and  urethane  dimethacrylate  (UDMA)  from  two  light-cured 
 materials    and  from  a  chemically  cured  composite  material,  at  different  curing 
 times and at different storage durations. Each sample was soaked in1 ml  of 75% 


ethanol. This medium was renewed after 1 day, 1 week, 1 month and 1 year. The 
 samples were analyzed using liquid chromatography with mass spectrometry. The 
 amount  of  monomers  released  from  the  nanohybrid  and  the  chemically  cured 
 composite was significantly higher than the monomer released from the ormocer. 


The curing time showed significant effect on the release of monomers.  



(34)Jagdish N (2009)61 , tested the five commercially available orthodontic resins 
 for  the  difference  in  the  cytotoxicity  related  to  the  modes  of  polymerization  of 
 these resins with and without an oxygen-inhibited layer (OIL), and evaluated the 
 degree of conversion (DC) of these resins and correlated with cytotoxicity. Thirty-
 six disks of standardized dimensions, for  each resin,  were  used  for  assessing the 
 cytotoxicity. 18 discs were washed with 99% acetone to remove the OIL, and the 
 remaining disks were left intact. As a control glass disks were used. To intact and 
 washed resins on day 1, Vero cells were exposed. Cell viability at 1, 3, and 6 days 
 after  this  exposure  was  determined  by  tetrazolium  bromide  reduction  assay.  The 
 DC  of  the  adhesive  specimens  was  assessed  by  Fourier  transform  infrared 
 spectroscopy.  Dual-cured  systems  were  comparatively  more  cytotoxic  than 
 Single-cured systems. Increased cell viability on all three days with removal of the 
 OIL,  was  observed  only  with  two  resins.  Resins  tested  showed  different  DC.  It 
 was  concluded  that  Single-cured  systems  are  superior  to  dual-cured  systems 
 because it showed comparatively less toxicity and higher DC.  


Malkoc  S  (2010)62  evaluated  the  cytotoxic  effects  of  Heliosit  Orthodontic, 
Transbond  XT,  Bisco  ORTHO,  Light  Bond,  and  Quick  Cure  light-cured 
orthodontic  bonding  composites.  The  samples  were  immersed  in  3mL  of  Basal 
Medium  Eagle  with  10%  newborn  calf  serum  for  1  day.  The  L929  cells  were 
plated and maintained in a humidified incubator for 1 day at 37◦C, 5% CO2, and 
95% air.  After 24 hours, the incubation medium  was  replaced by the medium in 
which  the  samples  were  immersed.  Then,  L929  cells  were  incubated  in  contact 
with eluates for 1 day. The methyl tetrazolium (MTT) test was done to assess cell 
mitochondrial  activity.  This  experiment  showed  that  except  for  Transbond  XT 
with  L929  fibroblasts,  freshly  prepared  composite  materials  did  not  reduce  vital 



(35)cell numbers, compared with the control group. This showed that Transbond XT 
 has more cytotoxicity compared with the control group. This study indicated that 
 tested  orthodontic  light  cure  composites  are  suitable  for  clinical  application,  but 
 further  studies  for  Transbond  XT  are  required  using  different  test  methods  to 
 evaluate Transbond XT. 


 Topaloglu(2010)63  measured  the  release  of  TEGDMA  and  BisGMA  from 
 two  commercially  available  composite  resins;  Filtek  Z  250,  Leaddent,  and  two 
 fissure  sealants;  Helioseal  F,    Enamel  Loc  over  1day,  3days  and  7  days  after 
 curing  with  standard  quartz-tungsten  halogen  Coltolux  II  (QHL)  (Coltene 
 Switzerland) and a standard blue light emitting diode EliparFreelight 2 (3M ESPE, 
 Germany). From each material, 36 samples were placed in disc shaped specimens 
 of  1 mm *10 mm in dimension and 12 sample discs were cured for 20 seconds, 
 12 were cured for 40 seconds using LED and 12 samples were polymerized using 
 halogen for 40 seconds,  respectively.  High Performance  Liquid  Chromatography 
 (HPLC) was used to measure the amount of monomers released over 1day, 3 days 
 and 7 days.  LED 20 seconds group showed the highest release of monomers than 
 other sealant groups at 1, 3 and 7 days. Halogen 40 seconds group resulted highest 
 release  of  monomers  from  Leaddent  at  all  time  intervals.  They  concluded  that 
 efficiency  of  the  curing  unit  and  applying  the  recommended  curing  time  is  very 
 important to protect the patient from potential hazards of residual monomers. 


Raquel  (2014)64 ,  aimed  to  evaluate  the  products    both  qualitatively  and 
quantitatively  released  by  composites  with  different  light  sources,  during 
immersion  in  in  distilled  water  or  artificial  saliva.  Thirty-six  samples  were 
obtained using a silicone matrix from the composites. Samples were divided into 
12  groups  based  on  :  Composites  included  (FiltekTMSilorane  ,Charisma,  or  GC 



(36)Kalore),    device  used  for  the  polymerization  (halogen  light  or  LED)  and  the 
 immersion  medium  (distilled  water  or  artificial  saliva).  Values  were  obtained 
 using  a  UV-visible  spectrophotometer.  The  Filtek  TM  Silorane  resin  group 
 showed  the  highest  absorbance  and  this  proves  that  when  immersed  in  artificial 
 saliva  the  highest  concentration  of  monomer  was  released  from  them.  No 
 significant  difference  was  observed  in  the  amount  of  monomers  released  when 
 using LED curing unit and halogen light. This study concluded that the release of 
 monomers  from  composites  is  dependent  on  the  composite  formulation, 
 immersion medium or the photoactivation unit. 


Tabatabaee (2014)65 assessed the effect of bleaching on elution of monomers 
 from  microhybrid  composites  and  nanofilled  composites.  80  samples,  each  with 
 dimension of 5mm diameter * 3mm thickness, were prepared. After curing, 40 of 
 them  were  randomly  polished.  Each  group  was  further  divided  into  8  subgroups 
 based  on  immersed  media  (  water,  10%,  20%  and  30%  Hydrogen  peroxide)  and 
 duration  of  immersion  i.e.,  for  3  or  8  hours.  Eluted  TEGDMA 
 (TriethyleneglycolDimethacrylate),  Bis-GMA  (Bis-phenol  A  Glycidyl 
 Dimethacrylate), BisEMA (Bis-phenol A ethoxylate Dimethacrylate) and UDMA 
 (Urethane  Dimethacrylate)  were  quantified  by  high  performance  liquid 
 chromatography. Bleaching was found to significantly increase the overall release 
 of  monomers.  TEGDMA  was  released  more  when  compared  to  Bis-GMA. 


Supreme  released  more  TEGDMA  than  Z250.  It  was  seen  that  increasing  the 
concentration of H2O2, and increasing the immersion time, increased the release 
of TEGDMA. No effect on release of this monomer with respect to polishing was 
found.  Supreme  released  more  Bis-GMA  than  Z250.  The  more  concentrated 
H2O2,  more  elution  of  Bis-GMA  was  found.  But  the  effect  of  immersion  time 



(37)was  not  significant.  Polishing  increased  the  release  of  Bis-GMA.  The  type  of 
 composite  and  bleaching  had  no  effect  on  release  of  UDMA.  Increasing  the 
 duration of immersion, increased the release of UDMA. Also polishing, increased 
 the  release  of  UDMA.  They  concluded  Nanofilled  composites  and  bleaching 
 increased the release of monomers.  


Konrad  Makiewicz(2015) 66    assessed  the  chemical  stability  of  Resilence, 
 ConTec  LC,  Transbond  XT  and  Light  Bond  orthodontic  adhesive  resins.  The 
 release  of  TEGDMA  (triethylene  glycol  dimethacrylate),  HEMA(2-
 hydroxyethylmethacrylate),    EGDMA  (ethylene  glycol  dimethacrylate),  BPA 
 (bisphenol  A) and  UDMA (urethane dimethacrylate) monomers  from  the sample 
 materials, using HPLC. This study proved the presence of methacrylate monomers 
 and  BPA  in  assessed  material  eluates  regardless  of  the  observation  period.  The 
 results showed that the orthodontic adhesive systems cured using visible light are 
 chemically  unstable.  It  releases  biologically  toxic  ingredients  to  the  external 
 environment.  This  study  concluded  that  structural  modification  or  elimination  of 
 harmful  components  from  dental  materials  with  polymer  network  based 
 methacrylates is required in order to increase safety of their application. 


Satin  Salehi  (2015) 67, determined  the  cytotoxicity  of  dental  composites 
 containing bioactive glass fillers in in vitro method. Dental composites containing 
 different  concentrations  of  two  sol-gel  bioactive  glasses  (0,  5,  10  and  15  wt  %), 
 BAG65  (65  mole%  SiO2,  31  mole%  CaO,  4  mole%  P2O5)  and  BAG62  (3 
 mole%)  were  assessed  for  cytotoxicity  using  Alamar  Blue  assay.  Composite 
 extracts were obtained from 1 week incubations in cell culture medium at 37° C. 


Undifferentiated  pulp  cells  (OD-21)  were  exposed  to  dilutions  of  the  original 
extracts for 3 days, 5 days, and 1 week. Later freshly cured composite disks were 



(38)incubated for 2 days with OD-21 cells. Subsequently, in the culture medium fresh 
 composite disks were incubated  at  37°C for 7 days,  and then the  extracted disks 
 were incubated with OD-21 cells for 2 days. Later fresh discs were light cured for 
 3 seconds, 5 seconds, and 20 seconds and incubated with OD-21 cells for 1 day, 
 3days, 5 days, and 1 week. The DC of each composite was determined by FTIR.  


Extracts from all samples reduced the cell viability. This was continued until the 
 extracts  were  diluted  in  1:8  or  lower,  where  the  extract  became  equal  to  the 
 control.  All  freshly-cured  composites  showed  reduced  cell  viability  at  two  days. 


But there was no reduction in cell viability for any previously soaked composite in 
 media,  before  exposed  to  cells.  Further  Composites  with  reduced  DC  shown  by 
 FTIR,  showed  significantly  reduced  cell  viability.  Results  suggested  that  the 
 composites,  irrespective  of  the  composition,  had  capability  of  reducing  the 
 viability of the cells in culture. Soaking the composites  1 week prior to exposing 
 them to the cells indicated that the “toxic” components had been extracted and the 
 materials  served  as  non  cytotoxic.  They  concluded  that  the  cytotoxicity  of 
 composites,  must be attributed to the release of residual monomers, and not to the 
 presence or abscence of the BAG. 


Purushothaman D et al  (2015) 68 quantitatively evaluated and compared the 
Bisphenol A  released from orthodontic adhesive in different groups. In the groups 
I,  II  &III  LED was  used for polymerization for  20 seconds.  The  groupings  were 
based on the curing tip to bracket distances: for group I:  0mm ,  group II : 5 mm, 
and group  III:  10 mm.  In Groups  IV, V, and  VI halogen light-curing unit for 40 
seconds  was  used  for  curing  with  the  same  three  tip  to  bracket  distances.  In 
Groups VII and VIII LED was used for curing for 5 and 10 seconds respectively 
and in group  IX and X, HLC was used to cure for 10 and 20 seconds with the at 



(39)0-mm  distance  respectively.  In  Groups  XI-  brackets  bonded  with  a  self-etching 
 primer  and  Transbond,  group:  XII-  brackets  with  a  moisture-insensitive  primer 
 and  Transbond,  and  group:  XIII-  brackets  bonded  with  a  chemically  cured 
 composite.  To  assess  BPA  levels  High-performance  liquid  chromatography  was 
 used  and  their  corresponding  degree  of  conversion  was  evaluated.  The  LED 
 curing  light  showed  significantly  less  BPA  release  and  greater  degrees  of 
 conversion. As the tip distance and curing time decreased, BPA release was found 
 to  be  increasing  and  the  degree  of  conversion  had  decreased.  The  chemically 
 cured group showed less BPA release and their degree of conversion was greatest. 


They  concluded  by  saying  that  compared  to  light-cured  composites,  chemically 
 cured composites can be considered superior in this aspect since it had less BPA 
 release and a greater degree of conversion. 


Bationo  R  (2016)  69  characterized  the  monomers  released  from  the 
 orthodontic adhesives by using gas phase chromatography and mass spectrometry. 


They detected the quantities of BPA, TEGDMA, and other monomers in light cure 
 orthodontic  adhesives  used  routienly:  Transbond  XT,  Blugloo,  Transbond 
 Supreme LV and MonoLok 2. TEGDMA and bisphenol A have been detected in 
 the  samples.  And  this  study  concluded  that  the  manufacturers  should  declare  all 
 components  of  dental  composites  to  identify  these  substances  that  may  result  in 
 allergic or undesirable side effects for patients and dental staff. 


M  Moreira(2017) 70,  quantified  the  Bisphenol  A  (BPA)  released  from  5 
orthodontic Composites : Eagle Spectrum, Enlight, Light Bond , Mono Lok II, and 
Transbond XT in in vitro method and by in vivo method the BPA level in patients' 
saliva  and  urine  after  bracket  bonding  with  an  orthodontic  adhesive  system.  The 
specimens  were  immersed  in  a  water/ethanol  solution,  and  the  BPA  leach  was 



(40)measured  after  30  minutes,  1  day,  1  week,  and  1  month  by  the  gas 
 chromatography  coupled  with  mass  spectrometry.  Twenty  patients  instructed  for 
 fixed orthodontic treatment participated in the in-vivo study. Saliva samples were 
 collected before bracket bonding and then 30 minutes, 1 day, 1 week, and 1 month 
 after bonding the brackets. Before bonding and then at 1 day, 1 week, and 1 month 
 after  bonding,  urine  samples  were  collected.    In  vitro  method  showed  that  all 
 composites evaluated released small amounts of BPA. Enlight composite had the 
 greatest  release,  at  1  month.  The  in-vivo  study  showed  the  mean  BPA  level  in 
 saliva  increased  only  at  30  minutes  after  bonding  in  comparison  with  before 
 bonding.  All  orthodontic  composites  released  BPA  in  vitro.  Enlight  had  the 
 highest  and  Light  Bond  had the lowest  BPA  released  in  vitro. The in-vivo study 
 showed  that  bracket  bonding  with  the  Transbond  XT  orthodontic  adhesive 
 resulted  in  increased  BPA  levels  both  in  saliva  and  urine.  Even  the  levels  were 
 significant; it is lower than the reference dose for daily ingestion.  


Gezgin(2018) 71  evaluated  the  released  residual  monomers  from  composite 
resins  that  contain  different  proportions  of  bioactive  glass  (BAG).  Resin  matrix 
(50%  BisGMA  and  50%TEGDMA)  and  inorganic  filler  with  BAG  (5,  10  and 
30%)  was  prepared  and  used  as  experimental  composite.  Each  resin  composite 
was  placed  in  the  tooth  cavity.  After  polymerization,  samples  were  immediately 
immersed  in  75%  ethanol  and  25%  deionised  water  (6  ml)  at  37  °C.  Residual  
monomers (Bis-GMA,TEGDMA, HEMA and UDMA) that were eluted from the 
composites  at  10  minutes,  1  hour,  1  day,  7  days  and  30  days  were  analyzed  by 
high-performance liquid chromatography (HPLC). The results showed that among 
the different time periods, the fastest released residual monomer was observed in 
the  10  minutes  elution.  The  TEGDMA  was  highest  amount  of  released  residual 



(41)monomer  from  all  groups,  whereas  this  was  HEMA  for  the  control  group.  The 
 amounts of residual monomers eluted from BAG30 were significantly higher than 
 other  groups.  As  the  BAG  addition  to  the  composite  resins  increased,  release  of 
 the monomer was also found to be increased. 


Manoj  et  al  (2018) 72  Conducted  a  study  to  assess  the  levels  of  BPA 
 released from light-cured and chemically cured resins used for orthodontic bracket 
 bonding  in  1 month.    He  collected  the  saliva  specimens  just  before  bonding 
 orthodontic  brackets,  followed  by  30 minutes,  1 day,  1 week,  and  1 month  after 
 orthodontic  bonding,  from  40  healthy  orthodontically  treated  patients.  These 
 specimens were analyzed with the high-performance liquid chromatography/mass 
 spectrometry  method.  And  they  found  increased  levels  of  BPA  30 minutes  after 
 orthodontic  bonding  in  the  2  groups,  followed  by  sudden  decrease  as  the  time 
 passed,  and  they  reached  a  statistically  significant  level  at  1 month  after 
 orthodontic  bonding.  The  amount  of  BPA  released  from  chemically  cured  resin 
 was much higher when compared to light-cured resins. The results of this in-vivo 
 approach  on  salivary  specimens  confirmed  continued  release  of  BPA  after 
 bonding  brackets  for  1 month,  although  in  smaller  quantities.  The  release  during 
 the  initial  30 minutes  is  high,  making  it  essential  to  take  necessary  measures  to 
 dilute it for better patient safety. 


Wacławczyk  A  (2018) 73    measured  the  amounts  of  triethylene  glycol 
 dimethacrylate  (TEGDMA)  and  urethane  dimethacrylate  (UDMA)  monomers 
 released from composite dental fillings in citrate-phosphate buffer with the pH of 
 4hours,  6hours,  8hours,  after  24  hours  and  6  months  from  the  polymerization. 


From each polymerization method ten samples had been made from the composite 
material,  which  underwent  polymerization  using  the  following  lamps:  halogen 



(42)lamp  and  diode  lamp),  with  soft  start  function  and  without  that  function.  It  has 
been  shown  that  the  type  of  light-curing  unit  had  a  significant  effect  on  the 
amount of TEGDMA and UDMA released. The amount of monomers UDMA and 
TEGDMA  released  from  composite  fillings  differed  depending  on  the 
polymerization  source  applied,  and  based  on  the  pH  of  the  solution  and  also 
depends  on  the  sample  storage  time.  This  study  concluded  that  elution  of  the 
monomers from composite material polymerized using halogen lamp was greater 
when compared to curing with diode lamps. 



(43)MATERIALS AND METHODOLOGY 


An  in-vitro  experiment  was  conducted  in  the  Department  of  Orthodontics  and 
 Dentofacial orthopedics, Rajas Dental College, to evaluate the release of BPA from 5 
 different  light  cure  orthodontic  adhesives  commonly  used  for  bracket  bonding 
 procedure. 


MATERIALS: 


1)  Orthodontic  light  cure  adhesives:  Transbond  XT,  Heliosit,  Ortho  fix,  Blugloo 
 and Light bond 


2)  Template for making resin blocks of 5 mm diameter* 3 mm thick. 


3)  LED light curing unit 
 4)  Artificial saliva 


5)  Gas chromatography coupled with mass spectrometry 
 METHODOLOGY: 


Grouping: 


Group 1: Transbond XT 
 Group 2: Heliosit 
 Group 3:Ortho fix 
 Group 4:Blugloo 
 Group 5: Light bond 


Artificial saliva is prepared according to protocol given by Scotti N 74 (Table.1) 
 5 Resin blocks of size 5 mm diameter* 3 mm thick, from each adhesives were created 
 individually, by using a metal template specially designed for this purpose. Resin was 
 placed  inside  the  template  forming  adequate  width  and  height  without  any  voids. 


Then photo activated for 20 seconds with a LED light-curing unit. Immediately after 
curing, the resin block is removed from the template. 



(44)Each  resin  block  sample  is  now  immersed  separately  in  glass  test  tubes  containing 
 4mL of artificial saliva and was covered using foil paper. 


Aliquots  of  1mL  of  the  solutions  from  each  of  these  test  tubes  were  collected  30 
 minutes, 24 hours, 1 week, and 1 month. 


These  aliquots  of  solution  are  then  subjected  to  BPA  evaluation  thrice  using  Gas 
 phase chromatography. 


Table  1:  COMPOUNDS  AND  CONCENTRATION  OF  ARTIFICIAL  SALIVA 
 SOLUTION 


Compound  Concentration (gm/L) 


NaPO4  0.780 


NaCl  0.5 


KCl  0.5 


CaCl  0.795 


NaS  0.05 


(NH4)2SO4  0.3 


Citric acid  0.05 


NaCO4  0.1 


Urea  1.0 



(45)      Fig:4.1  Group  1:  Transbond  XT      Fig:4.2  Group  2:  Heliosit


       


      Fig:4.3 Group 3:Ortho fix       Fig:4.4 Group 4:Blugloo 


      


        Fig:4.5 Group 5: Light bond 


       Fig: 4.6 Metal template and resin block      Fig: 4.7 Curing with LED unit


       


      



(46)        Fig:4.8  Group 1 samples       Fig:4.9  Group 2  samples 


      


       Fig:4.10  Group 3 samples      Fig:4.11  Group 4  samples 


         


       Fig:4.12  Group 5  samples 


     


Fig:4.13 Gas chromatography coupled with mass spectrometry 


       



(47)RESULT 


The  study  was  conducted  to  evaluate  and  compare  the  quantity  of  the  BPA 
 released from five different light cure composite adhesive when immersed in artificial 
 saliva after curing, at each time interval.  


All  the  samples  were  subjected  to  gas  phase  chromatographic  analysis  for 
 BPA  estimation.  The  obtained  results  were  tabulated  and  the  data  collected  were 
 subjected to statistical analysis. 


STATISTICAL ANALYSIS: 


The collected data were analyzed statistically by: 


  ANOVA (Analysis of variance) for intra group comparison of BPA levels at 
 different time intervals. 


R-ANOVA  and    Post  hoc  using  Bonferroni    -  BPA  quantities  at  varying 
 time  period  between  the  groups  and  among  the  group,(  i.e,  among  different  groups 
 and at differing  duration),  used for obtaining the results. 


For Group 1: Transbond XT 


BPA  released  in  artificial  salivary  medium  from  Group  1  was  found  to  be 
 progressively increasing. 


 At T1(30 minutes after curing) – 27.93±1.84 ng/g ,  
At T2 (24 hours after curing) –    50.86± 0.73 ng/g 
 At T3 ( 1 week after curing)        73.90±1.63 ng/g  
At T4 (1 month after curing)    -   98.10±0.72ng,  



(48)All these were found to be statistically significant (Table 5.1) and graphically shown 
 in chart 5.1. 


Table 5.1 BPA levels (ng/g) : Group 1 Transbond XT  


Time Period  Mean  Standard Deviation  N  p-value  


T1  27.93  1.84  3 


< 0.001*  


T2  50.86  0.73  3 


T3  73.90  1.63  3 


T4  98.10  0.72  3 


* = Statistically Significant (p < 0.05) p-value based on ANOVA (Analysis of Variance) 


For Group 2: Heliosit 


BPA eluted in artificial salivary medium from Group 2 adhesive was found to 
 be gradually increasing  


At T1 (30 minutes after curing)    31.73±1.55 ng/g,  
 At T2 (24 hours after curing)       41.53± 1.32 ng/g 
  At T3 ( 1 week after curing)        53.69±0.59 ng /g 
 At T4 (1 month after curing)        59.31± 1.70ng/g  


All  these levels  were found to  be statistically significant  (Table 5.2) and graphically 
shown in chart 5.2. 



(49)Table 5.2 BPA levels (ng/g)  : Group 2 Heliosit 


Time Period  Mean  Standard Deviation  N  p-value 


T1  31.73  1.55  3 


< 0.001*


T2  41.53  1.32  3 


T3  53.69  0.59  3 


T4  59.31  1.70  3 


* = Statistically Significant (p < 0.05) p-value based on ANOVA (Analysis of Variance) 
 In Group  3:  Orthofix  the  BPA  released  in  artificial  saliva  was  observed  to  be 
 increasing gradually  


At T1 (30 minutes after curing)    18.66±0.75ng/g 
 At T2 (24 hours after curing)       41.06± 0.63ng/g 
  At T3 ( 1 week after curing)        51.73±0.45ng/g 
 At T4 (1 month after curing)        56.83±0.60ng/g  


All these values are statistically significant (Table 5.3) and graphically shown 
 in chart 5.3. 


Table 5.3 BPA levels(ng/g) : Group 3 – Orthofix 


Time Period  Mean  Standard Deviation  N  p-value  


T1  18.66  0.75  3 


< 0.001*


T2  41.06  0.63  3 


T3  51.73  0.45  3 


T4  56.83  0.60  3 


* = Statistically Significant (p < 0.05) p-value based on ANOVA (Analysis of Variance) 
The BPA found in artificial saliva observed in Group 4: Blugloo, 



(50)At T1 (30 minutes after curing)    47.43±1.00 ng/g  
 At T2 (24 hours after curing)       90.76± 0.75 ng/g 
  At T3 ( 1 week after curing)        111.70±1.12 ng/g  
 At T4 (1 month after curing)        119.56±0.60ng/g  


 and was found to be statistically significant (Table 5.4) and graphically shown in 
  Chart 5.4. 


Table 5.4 BPA levels (ng/g) : Group 4 – Blugloo 


Time Period  Mean  Standard Deviation  N  p-value  


T1  47.43  1.00  3 


< 0.001*


T2  90.76  0.75  3 


T3  111.70  1.12  3 


T4  119.56  0.46  3 


* = Statistically Significant (p < 0.05) p-value based on ANOVA (Analysis of Variance) 


In  Group  5:  Lightbond,the  BPA  eluted    in  artificial  saliva  observed,  was 
 progressively increasing. 


At T1 (30 minutes after curing)    12.23±0.40 ng/g  
 At T2 (24 hours after curing)       26.03± 1.60 ng/g 
  At T3 ( 1 week after curing)        31.83±1.00 ng /g 
 At T4 (1 month after curing)        55.00±0.26ng/g 


And was found to be statistically significant (Table 5.5) and graphically shown in 



(51) Chart 5.5. 


Table 5.5 BPA levels(ng/g) : Group 5 – Lightbond 


Time Period  Mean  Standard Deviation  N  p-value  


T1  12.23  0.40  3 


< 0.001*


T2  26.03  1.60  3 


T3  31.83  1.00  3 


T4  55.00  0.26  3 


* = Statistically Significant (p < 0.05) p-value based on ANOVA (Analysis of Variance) 
 Based  on  the  R-ANOVA  (Repeated  Measure  Analysis  of  Variance)  after 
 adjusting  for  multiple  comparisons  using  Bonferroni  Corrections,  intra  group 
 comparions results showed the following: 


In group 1, the mean difference between BPA level, at different time intervals 
 was found to be more between T3 and T4, which was 24.20ng/g. 


Mean difference was least between T1 and T2, which was 22.93ng/g and these 
 were statistically significant.  


 The intra group comparisons for different time intervals were detailed in Table 5.6. 



(52)Table 5.6 BPA levels(ng/g) : Group 1 Transbond XT  Intra-Group Comparison  
 Time Period  Time Period   Mean Difference   p-value 


T1 


T2  22.93  0.025*


T3  45.96  0.011*


T4  70.16  0.001*


T2 


T3  23.03  0.004*


T4  47.23  0.002*


T3  T4  24.20  0.015*


* = Statistically Significant (p < 0.05) p-value based on R-ANOVA (Repeated Measure 
 Analysis  of  Variance)  after  adjusting  for  multiple  comparisons  using  Bonferroni 
 Corrections  


In    group  2,  the  mean  difference  between  BPA  levels  identified  at  different 
 time  intervals  was  found  to  be  more  between  T2  and  T3,  which  was  12.16ng 
 statistically significant 


 It  was identified to be least between T3 and T4, which was  5.61ng/g, and is 
statistically insignificant. The intra group comparisons at different time intervals were 
shown in Table 5.7. 



(53)Table 5.7 BPA levels (ng/g) : Group 2 – Heliosit Intra-Group Comparison  
 Time Period  Time Period  Mean Difference   p-value  


T1 


T2  9.79  0.055 


T3  21.96  0.011*


T4  27.57  < 0.001*


T2 


T3  12.16  0.008*


T4  17.78  0.017*


T3  T4  5.61  0.179 


* = Statistically Significant (p < 0.05) p-value based on R-ANOVA (Repeated Measure 
 Analysis  of  Variance)  after  adjusting  for  multiple  comparisons  using  Bonferroni 
 Corrections 


In  group  3,  BPA  levels  identified  at  different  time  intervals  had  mean 
 difference  of  22.40ng/g  which  was  the  maximum,  between  T1  and  T2,  and  was 
 statistically significant. 


 The mean difference in BPA levels was least between T3 and T4, which was 
5.10  ng/g,  statistically  significant.  The  intra  group  comparisons  at  different  time 
intervals for Group 3 were shown in Table 5.8. 



(54)Table 5.8 BPA levels (ng/g): Group 3 – Orthofix Intra-Group Comparison  
 Time Period  Time Period  Mean Difference   p-value  


T1 


T2  22.40  0.007*


T3  33.06  < 0.001*


T4  38.16  < 0.001*


T2 


T3  10.66  0.019*


T4  15.76  0.012*


T3  T4  5.10  0.002*


* = Statistically Significant (p < 0.05) p-value based on R-ANOVA (Repeated Measure 
 Analysis  of  Variance)  after  adjusting  for  multiple  comparisons  using  Bonferroni 
 Corrections 


The  intra  group  comparisons  of  BPA  levels  identified  at  different  time 
 intervals  in  group  4,  had  statistically  significant  maximal  mean  difference  of 
 43.33ng/g, between T1 and T2. 


  The minimal mean difference was found between T3 and T4, which was 7.86 
ng/g,  statistically  significant.  The  intra  group  comparisons  at  different  duration  are 
shown in Table 5.9. 



(55)Table 5.9 BPA levels (ng/g)  : Group 4 – Blugloo Intra-Group Comparison  
 Time Period  Time Period  Mean Difference   p-value  


T1 


T2  43.33  0.003*


T3  64.26  0.002*


T4  72.13  0.028*


T2 


T3  20.93  0.001*


T4  33.93  0.003*


T3  T4  7.86  0.002*


*  =  Statistically  Significant  (p  <  0.05)  p-value  based  on  R-ANOVA  (Repeated  Measure 
 Analysis  of  Variance)  after  adjusting  for  multiple  comparisons  using  Bonferroni 
 Corrections 


The  intra  group  comparisons  of  BPA  levels  identified  at  different  time 
 intervals  in  group  5,  had  the  minimal  mean  difference  was  between  T2  and  T3 
 (5.80ng/g), statistically significant. 


The  statistically  significant  maximal  mean  difference  of  23.16ng/g,  was 
between T3 and T4.  The intra group comparisons at different duration are shown in 
Table 5.10. 
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